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Indeed, phagocytosis of bacteria directly correlated with increasing MOI ( Figure 1B ). To 137 further examine the phagocytosis of bacteria while excluding any extracellular-138 associated bacteria, E. coli were conjugated with the pH-sensitive dye, pHrodo Red. 139 Using time lapse microscopy, we found that MDSCs contain acidic compartments in 140 which internalized bacteria were localized to, with internalization occurring as quickly as 141 8 minutes into imaging ( Figure 1C ). Taken together, these results demonstrate that 142 granulocytic MDSCs have the ability to phagocytose bacteria and shuttle them into 143 acidic compartments, similar to professional phagocytes. 144 MDSCs are less efficient at uptake and elimination of bacteria than monocytes - 145 MDSCs are able to phagocytose and internalize bacteria into acidic compartments. 146 Next, we wanted to determine the kinetics and efficiency of this activity relative to 147 professional phagocytes. Neutrophils have limited longevity, and since we are unable to 148 receive umbilical cord blood immediately post-collection, reduced viability between 149 collection and transit to the lab may affect the interpretation of later time points during 150 experiments. Therefore, for these experiments, we isolated and used human CD14 + 151 monocytes, which are readily available in the same peripheral blood mononuclear cell 152 (PBMC) fraction. To determine the ability of MDSCs to eliminate bacteria upon phagocytosis, we infected cells with fluorescently-labeled E. coli and longitudinally 154 quantified uptake and bacterial recovery compared to monocytes. Overall, we found that 155 MDSCs are significantly less efficient at bacterial uptake compared to monocytes.
156 Figure 2A illustrates a significant increase in the uptake of large bacterial quantities by 157 monocytes compared to MDSCs during flow cytometry. This increase in bacterial 158 uptake was also quantified by confocal microscopy as the number of fluorescent pHrodo 159 particles phagocytosed per cell ( Figure 2B ), as well as the area of pHrodo fluorescence 160 per image between MDSCs and monocytes ( Figure 2C ).
161
To determine how quickly MDSCs and monocytes phagocytose bacteria, cells 162 were infected and then longitudinally imaged over a 6-hour period. MDSC uptake of 163 bacteria increased more gradually than that of monocytes and peaked at 4 hours (h) 164 ( Figure 2D ). In contrast, internalization of bacteria by monocytes continued to increase 165 more significantly through 6 h of infection. To determine whether MDSCs are able to 166 eliminate bacteria at all or at a level comparable to monocytes, we implemented a 167 previously described gentamicin protection assay (Gleave Parson et al., 2019) . Briefly,
168
MDSCs or monocytes were infected with bacteria for 1 h, and then treated with 169 gentamicin to kill extracellular bacteria. Following 2 hours of gentamicin exposure,
170
MDSCs and monocytes were permeabilized with 1% saponin at varying time points to 171 quantify bacterial recovery. Previous work in our lab has shown that following 2 h of 172 gentamicin treatment, nearly all bacteria are non-viable (Gleave Parson et al., 2019) . 173 We found a significantly higher bacterial recovery from MDSCs at 6-and 18-hours post 174 gentamicin exposure ( Figure 3 ). However, by 24 h, bacterial recovery from MDSCs was 175 comparable to monocytes ( Figure 3 ). Overall, these results suggest that although MDSCs are capable of bacterial uptake and elimination, they are significantly less 177 efficient at these functions relative to monocytes.
178

Granulocytic MDSCs and monocytes express inflammatory cytokines during infection -
179
Since MDSCs have some ability to eliminate pathogens during infection, we wanted to 180 determine whether this is associated with a robust inflammatory response. To determine 181 whether MDSCs express inflammatory cytokines at a level similar to monocytes during 182 infection, we infected both cell types with E. coli and quantified TNFα expression at both 183 the gene and protein levels. TNFα is a known biomarker for sepsis in patients and a 184 classical proinflammatory cytokine produced by myeloid cells during infection (Samraj, 185 Zingarelli, & Wong, 2013). We found that infected MDSCs are capable of expressing 186 TNFα, but do not respond as robustly as infected monocytes ( Figure 4A ). Further, 187 secreted cytokine levels were higher in infected monocytes compared to infected 188 MDSCs. ( Figure 4B (Brinkmann et al., 2004; Papayannopoulos, 2018) . Using the nucleic acid stain Sytox TM
196
Green, we found high amounts of extracellular DNA strings released from what appear 197 to be dead or dying MDSC cells since their cellular integrity is compromised as 198 indicated by the availability of Sytox TM Green in the nuclear contents ( Figure 5A ). These strings were eliminated in the presence of DNAse I, demonstrating they are composed 200 of nucleic acid ( Figure 5A-B ). Our quantification method demonstrated that there is a 201 high amount of extracellular DNA in the absence of DNAse I ( Figure 5B ). However, 202 because our method did not exclude DNA within dead or dying cells, the results did not Figure 6 . We found that the addition of DNAse I to MDSC cultures did result 210 in a trend toward increasing the total bacterial burdens ( Figure 6 ). In contrast, total 211 monocyte killing was not impacted by the addition of DNAse I ( Figure 6 ). Similarly, when 212 MDSCs were co-cultured with monocytes, the addition of DNAse I did not significantly 213 alter the total bacterial killing ( Figure 6 ). These results suggest that MeDNA may 214 contribute to MDSC-dependent bacterial killing, but because of the relative inefficiency 215 in elimination of bacteria relative to monocytes, in a mixed culture the contribution does 216 not manifest as significant. However, our study rigorously addressed the kinetics, frequency, and abundance of 243 internalization using fluorescence microscopy. We further extended our approach to 244 explore the fate of bacteria following internalization. He and colleagues reported 245 enhanced killing of E. coli by human monocytic and granulocytic MDSCs from mice 246 without procedural details that allow for complete interpretation (He et al., 2018) . Based 247 on these prior studies, we are the first to establish that bacteria internalized by MDSCs 248 are trafficked to acidified compartments and further measure bacterial killing over time.
249
Our results demonstrate that MDSCs eliminate bacteria with reduced efficiency 250 compared to monocytes. This analysis normalized the bacteria recovered to that which 251 was internalized by each cell type at 2 hours post gentamicin treatment to account for 252 differences in uptake, and allow for direct comparison of the rate of killing. Cellular 253 mechanisms responsible for reduced internalization and killing by MDSCs compared to 254 monocytes are currently unknown. Each function is independently impaired in MDSCs.
255
For instance, since MDSCs are thought to be immature myeloid cells, the potential 256 decrease in certain pattern recognition receptors (PRRs) on the cell surfaces of MDSCs 257 could interfere in the ability of these cells to efficiently activate and internalize bacteria.
258
One marker, CD14, is important in the recognition of lipopolysaccharide (LPS), a Gram-259 negative bacterial cell wall component (Devitt et al., 1998; Pugin et al., 1994) . CD14 is 260 highly expressed in monocytes and macrophages (Ost et al., 2016; Simmons, Tan, 261 Tenen, Nicholson-Weller, & Seed, 1989) , but the expression is low on granulocytic 262 MDSCs (Supplemental Figure 1A ). There are no reports of complement or mannose 
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In conclusion, our body of work demonstrates evidence of MDSC phagocytic 303 capacity during acute infection. This is not associated with a robust inflammatory 304 response as compared with monocytes. Additionally, we have unexpectedly discovered 305 that MDSCs release extracellular DNA that has modest antibacterial activity in a 306 homogenous culture of MDSCs, but is less influential during co-culture with monocytes.
307
Ongoing work in our lab continues to characterize these mechanisms to further 308 understand how MDSCs directly interact with bacteria and other immune cells during 309 infection. These newly discovered MDSC activities may direct the future use of novel 310 therapies to improve neonatal immunity and disease outcome during severe infections.
311
Materials and Methods
312
Cell Culture -Human umbilical cord blood was obtained from the Cleveland Cord
313
Blood Center under West Virginia University Institutional Review Board (IRB) approval.
314
Blood was donated from healthy infants of gestational age ≥ 37 weeks. All donors are 315 anonymous and de-identified. Whole blood was centrifuged at 1500 x g for 10 minutes 316 to obtain buffy coats. These were further subjected to Ficoll (GE Healthcare Life 317 Sciences, Chicago, IL) density gradient centrifugation at 400 x g for 30 minutes to We would like to thank members of the Robinson lab for stimulating discussions, 
